As goes the omnipresence of smartphones and wearable biobehavioral technologies, such as activity tracking wrist bands, so goes the integration of these technologies into the lives of individuals with central nervous system (CNS) disorders and into the arena of clinical brain and behavior research [1] [2] [3] [4] [5] . Digital phenotyping is one result of the interaction between pervasive personal technology, patients and neurobehavioral researchers and drug developers. Defined as the momentary, ecological quantification of behavior, as measured using sensors embedded in personal technologies [6] and coupled with digitized symptom rating scales and behavioral tasks, digital phenotyping is about unobtrusively capturing the patterns by which individuals interact with their devices and the environment.
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Advertisers and others already know that "Where you go is who you are." [7] . It is valuable insight and it is largely dependent on one of many possible smartphone and wearable device data streams (geolocation). The picture gets significantly richer by integrating other data types and related metadata [8] [9] [10] . Talk, text, and email communication and social media app usage reveal social behavioral patterns and linguistic capacity, sleep and wake cycle data can be derived from around-the-clock phone interaction patterns, like dips and spikes in screen touches or acceleration (movement), and typing speed data may be a clinically-meaningful surrogate of psychomotor function. These findings suggest that digital phenotyping is a vivid, scalable rainbow with a pot of human behavioral gold at the end.
Researchers are picking these data types apart and revealing their promise, limitations and, most importantly, their relevance to patient experience and the understanding and treatment of neurobehavioral disorders [11, 12] . One overarching vision is that these data streams, when collected and analyzed using rigorous scientific and statistical methods by trained behavioral specialists, will illuminate a "real-world" picture of patients' lives and the trajectory of disease at a multi-faceted, individual-subject level. In a clinical trial setting, the intermittent, busy, and sometimes long per protocol visits to a medical facility are artificial and merely snapshots of a patients' condition.
Validated digital phenotyping techniques have the potential to add objective, multi-point and between-visit data that complement data collected during site visits. Therein lays the value proposition for digital phenotyping to biopharmaceutical companies invested in neurobehavioral research and development. Could increasing the availability or acceptance of mobile devices and digital phenotyping approaches provide more objective metrics that enhance insight on safety, efficacy, approvability, and long-term outcomes in the course of developing therapeutics? Could they increase patient pools and enhance recruitment for clinical trials by enabling remote versus in-clinic data collection? Is it possible that they reduce the cost of clinical trials by increasing power (through high frequency data collection) in fewer participants? Can it be done without sacrificing quality of care or increasing morbidity?
An evidence basis that addresses those questions in the affirmative is necessary to evolve beyond the prototypical model of interventional clinical trials for neurobehavioral disorders. That model relies on short treatment durations (8-12 weeks), intermittent "snapshots-in-time" site visits and a single subjectivelyrated primary endpoint in groups of patients with unaccountedfor heterogeneity. It has many sources of significant risk and has a well-documented high rate of failure [13] . Those features and patients' positive expectancy about receiving active drug, a deeper rapport with clinicians and an abnormally high level of attention from medical professionals confound the model.
There is no single solution to these issues. However, as part of a multi-modal approach that integrates clinical, behavioral and neurophysiological patient data, scientifically validated digital phenotyping approaches bring longitudinal read-outs captured outside of the lab that circumvent some issues, like reliance on snapshots and subjective ratings. To that end, digital data streams are being contextualized within innovative re-conceptualizations of brain-behavior diseases that integrate clinical, behavioral, neurophysiological, molecular, and genetic information [14] . The deepened insight into neurobehavioral disease trajectory and treatment could challenge the categorical nosology of neurobehavioral disorders like other quantitative, multi-modal research [15] [16] [17] .
Innovative experiments are underway that explore the value of cutting-edge digital biomarker technologies in biopharmaceutical clinical research and trials [18, 19] . A critical goal of this work is to demonstrate whether these data types are clinically meaningful, e.g., that they predict or otherwise relate to clinical signs and symptoms and can support internal decision-making or regulatory objectives for developing new medicines. Some research suggests that digital phenotyping endpoints have predictive potential for medical events, like adverse responses to drugs during clinical trials or relapse in patients with substance use disorder or psychosis [20] .
Do smartphone geolocation and other data streams, coupled with digitized patient-reported outcomes (in the form of surveys or behavioral tasks) and intermittent clinical interviews improve diagnoses or patient stratification? Do they detect signs of efficacy that are missed during structured, intermittent site visits or that are indicative of long-term functional improvements and greater quality of life? There are more questions than answers on the near-term horizon about the value of digital phenotyping broadly, and its role in improving clinical trials specifically. However, it is certain that personal digital technologies need to be put to the test in rigorous studies to define their value to researchers, developers, and patients.
Another certainty is that no digital phenotyping research will be worthwhile unless rigorous and transparent clinical and data sciences methods are used to generate and analyze the data, or if patient data privacy or the integrity of electronic data systems are compromised. Additional factors that challenge the usefulness of digital phenotyping data include seemingly small things, like a patient that occasionally shares their phone with another person. It includes common issues, like dealing with data missingness or misleading data from patients that have multiple phones or SIM cards and generate distorted data sets. And, there are fatal issues, like failing to establish data access permissions, an audit trail, and processes to ensure the security and technical validity of electronic systems for capturing, transferring, and storing data.
Even before starting a digital phenotyping endeavor, it can be daunting to choose the best fit-for-purpose technologies. For example, there are myriad wearables but they are generally noninteroperable and have different strengths and limitations. There are user-friendly software and analytical solutions (e.g., ResearchKit for iOS or ResearchStack for Android) but they only deliver summaries of the underlying data. Much greater sophistication is required to collect the (more valuable) raw smartphone data and to develop the necessary data analysis and modeling tools to deal with them. Navigating these and other challenges is a major undertaking. In the end, teams that include patients, clinicians, scientists, engineers, technologists and ethicists, and who respect scientific principles, will be the only ones that prove the value of digital phenotyping in research and its potential to enhance clinical drug development.
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